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Abstract: In this paper we present our 
progress towards the opto-electronic 
characterization of indium phosphide 
(InP) nanowire transistors at milli-Kelvin 
(mK) temperatures. First, we have inves-
tigated the electronic transport of the InP 
nanowires by current-voltage (I-V) spec-
troscopy as a function of temperature 
from 300 K down to 40 K. Second, we 
show the successful operation of a red 
light emitting diode (LED) at liquid-Helium 
(and base) temperature to be used for 
opto-electronic device characterization.  
1 Introduction: Semiconductor nan-
owires offer the possibility to fabricate 
nanoscale devices that exhibit enhanced 
functionality compared to conventional 
device structures, opening up new oppor-
tunities in fields including electronics, 
quantum computing, optoelectronics and 
sensing [1].  
Nanowires can be formed using a 
variety of materials including elemental 
semiconductors and metals, compound 
semiconductors, heterostructures, carbon 
nanotubes and conducting polymers. Due 
to their small scale, defect-free hetero-
structure nanowires can be formed that 
are otherwise not favorable. The high sur-
face to volume ratio results in their elec-
tronic properties being strongly influenced 
by external factors making them highly 
sensitive sensors [2].  
The large variety of nanowire mate-
rials and structures available offer many 
possibilities for development of new de-
vices. Substantial progress has been 
made in terms of synthesis, material 
characterization and application of nan-
owires into functional devices such as 
photon sources and sensors.  
However, there remain unanswered 
questions regarding the role of defects, 
interfaces and electronic states on the 
performance of semiconductor nanowire 
devices and in functionalizing nanowires 
for bio-sensing applications. Some of the-
se questions can be answered by investi-
gating the electronic transport properties 
of nanowire-based device architectures at 
milli-Kelvin temperatures.  
2 I-V characteristic of an InP nanowire: 
Here, we report the current-voltage (I-V) 
characteristic of a suspended InP nan-
owire connected to two gold (Au) elec-
trodes as a function of temperature. The 
nanowires were synthesized by a chemi-
cal vapour deposition (CVD) process [3], 
then transferred (ultrasonic agitation) onto 
a pre-patterned Si/SiO2 substrate and 
electrically contacted to electrodes by fo-
cused ion-beam (FIB) based direct write 
technology which deposits platinum (Pt).  
A scanning electron micrograph 
(SEM) of the typically 50 nm wide (in di-
ameter) suspended InP nanowire transis-
tor is shown in Fig. 1.  
Fig. 1. The about 10 µm long suspended InP 
nanowire in between two gold electrodes. 
In Fig. 2 we show the I-V charac-
teristic of the intentionally undoped InP 
nanowire (in the dark) as a function of 
temperature from room temperature down 
to 40 K. The resistance of the nanowire 
becomes unmeasurable for lower tem-
peratures [4]. Carrier freeze out occurs. 
3 Red LED at liquid-He temperatures: 
We want to use a red low-temperature 
mounted light-emitting-diode (LED) to ex-
cite by photo-illumination extra charge 
carriers in the InP nanowire below 40 K.  
To demonstrate the red LED oper-
ates at such low temperatures, we have 
measured the I-V characteristic of a red 
LED (4 K) which can be seen in Fig. 3. 
The voltage source reaches compliance 
for a current level of ~15 mA.  
Note how the turn-on point of the I-
V curve moves to lower voltage (red/black 
are trace 2 and 3) for subsequent sweeps 
(blue is first trace). This is due to power 
dissipation (I2*R heating) when too large 
currents (>10 mA) are sent through the 
LED and any series resistance that may 
be present (wiring / RC filters) in the 
fridge. We have also measured this LED 
at a 12 mK base temperature and the 
‘turn-on’ for this LED corresponds to a > 6 
V bias voltage across the p-n junction.  
Note that this particular LED has 
not been thermally cycled [5]. The I-V da-
ta at 4K (when power dissipation occurs – 
red/black trace) is comparable to room 
temperature (RT) and liquid nitrogen 
temperature I-V characteristics. This im-
plies that the LED can warm up signifi-
cantly during operation and current limits 
have to be adhered to in order to keep 
the device under test (and LED) cold. 
In general, a good way to test if an 
LED will work at liquid helium tempera-
tures is to cool it down to liquid N2 tem-
perature and see if the I-V corresponds to 
the RT data. Other LEDs (HP/Agilent and 
Siemens) did show a large difference in I-
V as a function of temperature and do not 
emit any visible light at liquid helium tem-
peratures. In the future we will calibrate 
the light emission of this red LED. 
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Fig. 3. The I-V characteristic of a red LED 
at liquid Helium temperature (4 K). 
Fig. 2. The I-V characteristic of the InP 
nanowire as a function of temperature. 
